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Purpose: We describe a modular stent graft for use in endovascular repair of aneurysms of the aortic arch.
Method: Carotid-carotid and left carotid–subclavian bypass grafts are created surgically. Two large, fully stented grafts are
inserted endoluminally. The proximal component is bifurcated, with a wide proximal trunk and two distal limbs, one long
and narrow, the other short and wide. This component is inserted through the carotid artery and deployed with the trunk
and short wide limb in the ascending thoracic aorta; the long narrow limb opens into the innominate artery. After delivery
system removal and carotid artery repair, a distal component is inserted through a femoral approach to bridge the gap
between the short, wide distal limb of the proximal component and the nondilated descending thoracic aorta. The result
is a branched stent graft, implanted proximally into the ascending aorta and distally into the innominate artery and
descending thoracic aorta.
Conclusion: The system has been used successfully to treat a large wide-necked pseudoaneurysm of the aortic arch. (J Vasc
Surg 2003;38:859-63.)
Endovascular operative technique offers two distinct
advantages over conventional open surgery for repair of
aortic arch aneurysm or dissection. First, the endovascular
graft is inserted through remote, easily accessible arteries
outside the body cavity, whereas the open operation often
requires a combination of median sternotomy and lateral
thoracotomy for insertion. Second, the endovascular graft
can be deployed without interrupting blood flow, whereas
open repair usually requires aortic cross-clamping and hy-
pothermic circulatory arrest.
The challenge in endovascular repair, as in surgical
repair, is to maintain blood flow to the brain and upper
extremities. One option is to provide the stent graft with
side branches to the innominate, left carotid, and left
subclavian arteries.1 Another is to perform surgical bypass
from either the proximal ascending aorta2 or the femoral
arteries.3 Working in a perfused rubber model of the aortic
arch, we developed a third alternative, which combines
aspects of the other techniques. Our approach provides
blood flow to the innominate artery through a branch of
the modular stent graft, and blood flow to the left carotid
and subclavian arteries through extra-anatomic surgical
bypass grafts.
METHOD
Stent graft. The prosthesis consists of at least two
components, a bifurcated proximal component (Fig 1) and
a tubular distal component. Both are made from conven-
tional surgical woven polyester (Vascutec, Glasgow, Scot-
land). Both are supported by a series of stainless steel
Gianturco Z-stents, most of which are inside the fabric and
none of which extend beyond the end of the fabric either
proximally or distally. Additional tubular distal compo-
nents may be added, depending on the diameter and loca-
tion of the implantation site in the descending thoracic
aorta. At this point, all components are made in-house by
members of the endovascular team.
Stents were supplied by Cook, Australia (Brisbane,
Queensland); they are not available commercially. Each
60-mm-wide proximal stent has 12 points and carries 12
caudally directed barbs, which poke through the wall of the
graft. The same stent is used in the manufacture of the
Zenith thoracic aortic stent graft. There is a 35-mm-wide
unbarbed stent in the short wide limb, and five 20-mm-
wide unbarbed stents on the outside of the long narrow
limb of the prosthesis. All stents are sutured in position with
4-0 polyester suture (TiCron, US Surgical, Norwalk,
Conn).
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Fig 1. Photograph of prosthesis, showing long narrow innom-
inate limb (white arrow) and short, wide aortic limb (black
arrow).
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A 40-mm-wide bifurcated proximal component has
asingle trunk proximally and two limbs distally, one 16
mm wide and 80 mm long, the other 22 mm wide and 25
mm long. The diameter of the trunk represents approx-
imately 15% oversizing relative to the 35 mm ascending
aorta, and the diameter of the long limb represents 23%
oversizing relative to the 13-mm innominate artery. The
distal aortic end was sized similarly. Two gold markers
Fig 2. Line drawings depict stages of the procedure. A, Carotid-carotid bypass and subclavian-carotid reimplantation.
B, Insertion of first sheath. C, Deployment of bifurcated proximal component, proximal stent. D, Deployment of
bifurcated proximal component, short aortic limb.
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indicate the position and orientation of the short, wide
aortic limb.
The 150-mm-long tubular distal component has a sin-
gle lumen of uniform diameter, that is, 26 mm. Its 40-
mm-wide stents are separated by 10-mm gaps for flexibility.
The stent at the proximal end has six caudally oriented
barbs; the others are unbarbed.
Delivery system. Both components use essentially the
same delivery system, consisting of a sheath-dilator combi-
nation, a loading capsule, and a central pusher. Exact
Fig 2. (Continued.) E, Catheterization of bifurcated proximal component. F, Insertion of second sheath. G,
Deployment of tubular distal component. H, Ligation of left common carotid artery.
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sheath size depends on the diameter of the stent graft. In
general, the bifurcated proximal component is wider, re-
quiring a 22F to 24F sheath; the tubular distal component
is narrower, requiring a 20F to 22F sheath. The dilator
inside the sheath for the bifurcated proximal component
has a short tip, to enable more proximal insertion without
compromising the aortic valve. The sheath for the tubular
distal component has a long tip, to track around the aortic
arch.
The central pusher consists of a large-diameter balloon
catheter with a side hole into the balloon lumen to provide
access to a nitinol 0.018-inch guide wire. The proximal end
of the stent graft is attached to the proximal end of the
central pusher with two CV-5 Gore-Tex sutures (W. L.
Gore & Associates, Flagstaff, Ariz) around the exposed
portion of the guide wire. While the guide wire remains in
place, the stent-graft attachment is secure. Stent-graft de-
ployment is accomplished by undoing the Luer lock at the
outer end of the balloon lumen and removing the wire,
thereby releasing the sutures.
During loading, the central pusher and stent graft are
compressed and pushed into a short segment of introducer
sheath of the same size as the primary insertion sheath. This
short sheath segment serves as a loading capsule.
Stent-graft implantation. The operation is per-
formed with the patient under general endotracheal anes-
thesia. Bilateral supraclavicular incisions are made to expose
the carotid arteries, the subclavian arteries, and the distal
innominate artery. The right common femoral artery is
exposed through a short transverse incision at the level of
the inguinal ligament. Heparin is given repeatedly through-
out the remainder of the operation to maintain activated
clotting time of at least 300 seconds.
Carotid-carotid bypass is performed according to stan-
dard surgical technique. The conduit, a segment of ringed
8-mm expandable polytetrafluoroethylene, is passed
through a retropharyngeal tunnel (Fig 2, A). The proximal
left subclavian artery is transected and reimplanted onto the
lateral surface of the left carotid artery below the level of the
carotid-carotid bypass (Fig 2, B).
The relative sizes of the right carotid artery and the
introducer sheath for the bifurcated proximal component
are compared to assess the feasibility of transcarotid inser-
tion. If this appears feasible, the right carotid artery is
punctured below the carotid-carotid bypass. With the
Seldinger technique, a short sheath and catheter are intro-
duced into the ascending aorta. Fluoroscopic guidance is
used, imaging in a left anterior oblique and slight caudocra-
nial projection. A stiff guide wire (Lunderquist; Cook,
Indianapolis, Ind) is inserted, and the original short sheath
and catheter are exchanged for a large sheath-dilator com-
bination (Fig 2, C). The dilator is then removed, leaving
the sheath and guide wire in place. The loading capsule,
with the contained bifurcated proximal component of the
device, and a central pusher are then passed over the wire
and through the valve of the primary sheath. The loading
capsule sheath is docked to the main sheath and held in
perfect apposition while the central pusher is used to deliver
the bifurcated proximal component from the loading cap-
sule into the main (large) sheath.
The central pusher is then used to advance the device
through the large sheath and into the ascending aorta.
Once the device is in the most proximal part of the large
sheath, optimal position and orientation are attained. The
device is positioned with the markers on the short, wide
limb of the stent graft just below the inferomedial margin of
the innominate artery orifice. The central pusher maintains
the position of the device while the sheath is withdrawn,
releasing the stent graft, first into the aorta (Fig 2, D and E)
and then into the innominate artery. The central pusher,
considerably stiffened by the guide wire, helps to maintain
the position of the stent graft throughout deployment. The
small guide wire is then removed to release the device from
the central pusher. This portion of stent-graft deployment,
from fully sheathed to fully deployed, is accomplished
within a short period of adenosine-induced asystole.
Angiograms are obtained to confirm the position and
patency of the bifurcated proximal component. If neces-
sary, a 16  60-mm Wallstent (Boston Scientific, Natick,
Mass) is inserted to eliminate kinks in the long limb. If
angiographic findings are satisfactory, the guide wire and
sheath are removed and the transverse carotid laceration is
repaired. Throughout the interval between sheath insertion
and removal, flow through the carotid-carotid bypass is
from left to right.
The right femoral artery is punctured, and a small
sheath is inserted for access. A long catheter is advanced,
together with a guide wire, from the femoral level to the
distal aortic arch, and is directed into the downstream
orifice of the short aortic limb of the bifurcated proximal
component (Fig 2, F). The directional catheter is then
exchanged for a pigtail catheter, which is rotated at the level
of the proximal stent to confirm that it is within the lumen
of the bifurcated proximal component and not between the
stent graft and the aorta. This catheter is then exchanged
over a Lunderquist guide wire for the second sheath-dilator
combination (Fig 2, G). The tubular distal component and
its central pusher are passed over the guide wire and trans-
ferred from the loading capsule into the sheath, and
through the sheath into the short aortic limb of the bifur-
cated proximal component. Again, stent-graft deployment
is accomplished during a period of adenosine-induced asys-
tole (Fig 2, H).
The left common carotid artery is ligated to prevent
retrograde flow into the aneurysm. Completion angio-
grams are obtained to look for kinks or endoleaks, which
should be treated endoluminally before removing the cath-
eters, guide wires, and sheaths. The femoral laceration is
repaired, and all three wounds are closed in the usual way.
DISCUSSION
Many features of this system reflect the specific de-
mands of endovascular aneurysm repair in the aortic arch,
which is large, mobile, curved, subject to high flow rate,
and the source of branches to an organ, the brain, with little
tolerance for ischemia.
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Transcarotid insertion of the bifurcated proximal com-
ponent has a number of beneficial effects. First, the line of
insertion is relatively straight; therefore the dilator can be
short and blunt, the sheath can be inserted almost to the
aortic valve, and rotation of the apparatus can be accom-
plished easily, unimpeded by bends in the aortic arch.
There is no need for additional support with a transseptal
guide wire, as described in a previous technique for ascend-
ing aortic stent-graft implantation.4 Second, the long, trail-
ing limb of the bifurcated proximal component opens into
the innominate artery. There is no need for additional side
branches, which we found, in a previous series of experi-
ments, to be a potential source of difficulty and delay.
The only sheath that must traverse the transverse arch
in this procedure is relatively small and flexible, with a long
dilator tip. It carries the tubular distal component from the
femoral artery to its attachment site in the short wide limb
of the bifurated proximal component. The diameter of the
sheath reflects the diameter of the tubular distal compo-
nent, which in turn reflects the diameter of the short, wide
limb and the descending thoracic aorta. The dilator tip can
be long, because the sheath need not reach far into the
ascending aorta.
Although the proximal end of the stent graft is stabi-
lized throughout deployment by its attachment to a stiff
delivery system, we believe that accurate placement would
be difficult without adenosine-induced asystole, as de-
scribed by Dorros and Cohn.5
Carotid-carotid and carotid-subclavian bypass grafts
have been used to facilitate endovascular repair of the distal
aortic arch.3 These extra-anatomic bypass grafts permit the
entire brachiocephalic circulation to be based on innomi-
nate inflow. In our technique, the carotid-carotid bypass
graft also has a secondary role as a route of perfusion to the
right carotid distribution during insertion of the bifurcated
proximal component. Without it, transcarotid insertion
would not be safe, because the proximal right carotid artery
is almost occluded by the large sheath.
We recently had the opportunity to treat a wide-necked
aortic pseudoaneurysm with this technique.6 The endovas-
cular system deployed as intended, and achieved aneurysm
exclusion while transmitting unimpeded flow to the in-
nominate artery and descending thoracic aorta. The indi-
cations and contraindications for this approach have yet to
be explored. As always, the basic requirements are a route of
access and secure implantation sites proximal and distal to
the aneurysm. In addition, the device requires an ascending
aorta at least 60 mm long for deployment of both the trunk
and short, wide limb. Localized aneurysms of the arch are
clearly suitable. The technique may also have something to
offer in management of type A dissection. Now that syph-
ilitic aneurysm is rare, dissection is the most common
disease of the ascending aorta and arch. However, we may
find that it is not possible to obtain secure, hemostatic
proximal stent-graft attachment in the dissected aorta.
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